PEČIVOVÁ, P., PAVLÍNEK, V., HRABĚ, J., KRÁČMAR, S.: The infl uence of reducing and oxidising agents on the rheology of wheat fl our dough. Acta univ. agric. et silvic. Mendel. Brun., 2008, LVI, No. 5, pp. 163-170 The eff ects of a reducing agent (L-cysteine hydrochloride monohydrate), oxidising agents (ina cti vated dry yeast, L-tyrosine) and other two amino acids (L-threonine and L-tryptophan) on the rheological characteristics of wheat fl our dough and its quality were studied. The addition of oxidising agents increases the values such as tenacity and decreases extensibility which were measured on the alveograph. From the consistograph values, weakening of the dough also decreases. While reducing agents increase the extensibility and weakening of the dough, they decrease its deformation energy. The addition of L-tryptophan caused a higher increase in tenacity of the dough but on the other hand a larger decrease in extensibility and deformation energy. L-tryptophan caused better stability of the dough. L-treonine was found to be an oxidising agent. The dough with L-threonine weakened rapidly and therefore fast preparation of the dough is necessary. It means that the time of mixing and dough proofi ng must be reduced.
Wheat classes are based on hardness, colour and growing season of wheat varieties. Hard wheat has a higher protein content than so wheat and is used mostly for yeast-raised products. So wheat is used mostly for chemically leavened products.
Viscoelastic properties of a gluten protein matrix have a fundamental impact on the rheological properties of wheat bread dough. When the dough is developed by mixing, gluten proteins form a continuous three-dimensional viscoelastic network throughout the dough embedding discrete rigid fi ller, i.e. starch granules. This quasi-solid structure is infi ltrated into aqueous phase composed of soluble polysaccharides, proteins and emulsifi ed lipids, called dough liquor, and closes dispersed gas phase in form of air bubbles. Therefore, wheat gluten can be considered a simplifi ed model of a viscoelastic skeleton of dough. Essentially, wheat gluten is composed of polymerised glutenins and gliadins, which have recently been referred to as wheat prolamins (Shewry et al., 1994; Shewry and Tatham, 1997) . The three-dimensional structure of gluten matrix is stabilised by covalent (disulfi de) bonds, hydrogen and non-covalent ionic bonds and hydrophobic interactions Shewry et al., 1994; Shewry and Tatham, 1997; Belton, 1999; Lindsay and Skerrit, 1999) . Recognition and un der standing of the relationship between viscoelastic proper ties of gluten and both density and distribution of cross-links forming the three-dimensional gluten structure still remain the main objectives of cereal biochemistry and rheology (Bloksma, 1990; Shewry et al., 1994; Janssen et al., 1996; Shewry and Tatham, 1997; Belton, 1999; Lindsay and Skerrit, 1999; Lefebvre et al., 2003) .
Additives bring an improvement in the machine ability of dough as well as the quality and other sensory attributes of the fi nished product. The use of additives helps not only improve but also maintain the quality of bakery products. Some additives are used by the milling industry and others are used by the bakery industry. Additives can be divided into oxidants and reductants. Cole (1973) reported that oxidants promote formation of disulphide bonds among the extended gluten molecules and thus impart gas-retaining and doughstrengthening properties to gluten fi lms. Moss (1974) reported that oxidising agents make the dough stiff er as a result of cross-linking of protein molecules, whereas reducing agents weaken the dough as a result of splitting of disulfi de bonds, resulting in a reduction in molecular size.
It is also reported that the main reaction of oxidants is oxidation of a free sulphide group into disulphide moieties; gluten proteins of fl our are thought to be the main target of this oxidation and the desirable effects of oxidants are marked strengthening or an increase in dough elasticity, improved machine ability and an increased volume of the fi nal loaf (Stauff er, 1990b) .
Reducing agents (like L-cysteine or gluthathione) belong to dough conditioner used to reduce mixing time and improve extensibility. They are added to bread to increase bakery throughput and adjust for fl our variation, and in a number of other yeast and chemically leavened applications. Disulfi de bonds in gluten are broken mechanically during mixing but they can be broken chemically by cysteine or glutathione reactions.
Cysteine is a protein amino acid that has a sulfhydryl group at the end of the molecule. Cysteine is important to dough reduction chemistry because it occurs in gluten protein from fl our, in tripeptide glutathione from yeast, and in a free amino acid form as a synthetic reducing agent.
During mixing, gluten in fl our is stretched and pulled. It means that it can be reformed during proofi ng and baking to provide the strength and structure needed.
Oxidising and reducing agents can be used separately. Moreover, a reducing agent can be used with a slow oxidising agent (e.g. potassium bromate) to increase gluten breakdown early in the process and gluten reformation later in the process.
The aim of the study was to compare two amino acids such as L-threonine and L-tryptophan against three known amino acids already used in fl our modi fi ca tion (L-cysteine hydrochloride monohydrate, inactivated dry yeast and L-tyrosine). Con si de ring chemical structure, it was investigated whether the addition of L-threonine and L-tryptophan leads to gluten networking by uncovalent disulphide bonds and hence oxidation eff ects. These amino acids were added at increasing concentrations and their infl uence on the rheological properties of wheat fl our dough was evaluated.
MATERIAL AND METHODS

Wheat fl our
White wheat fl our (moisture 14.3%, gluten in dry matter 36.4%, Falling number 339 s) provided by Penam, Kroměříž, Czech Republic, sodium chloride and redistilled water were used in the study.
Additives
Amino acids L-tyrosine, L-threonine, L-tryptophan (Merck KGaA, Darmstadt, Germany); L-cystei ne hydrochloride monohydrate, inactivated dry yeast (Ireks GmbH, Eppelborn, Germany) were used for wheat fl our modifi cation within the concentration range of 0.08-0.14 wt.% (calculated on the amount of fl our in dough composition). Chemical formulas are shown in Fig. 1 . Totally 24 samples were prepared and analysed.
1: Structure of aminoacids
Rheological characteristics
The rheological characteristics of wheat fl our dough were measured using Alveoconsistograph (Chopin -Tripette & Renauld, France) according to the methods AACC 54-30A and 54-50, respectively. The bread-making quality was estimated using parameters such as tenacity (P), taken as the height of the curve which measures the initial resistance to extension (forming the bubble); the length of the curve (L), which is an index of dough extensibility; the P/L ratio, which indicates the balance of the viscoelastic components of dough; and the deformation energy (W), which indicates dough strength.
Consistograph parameters evaluated were the following: maximum pressure in millibars (PrMax), TprMax as the time to reach maximum pressure in seconds, Tol (Tolerance, stability) as the time in seconds where the pressure is higher than PrMax minus 20%, drop in pressure at 250 second from PrMax minus 20% (D250) and drop in pressure at 450 second from PrMax minus 20% (D450).
RESULTS AND DISCUSSION
Figures 2 and 3 illustrate the eff ect of the individual oxidising or reducing agents where only the highest concentrations of the amino acids investigated are shown while Tables I and II summarize the results for all dough samples. The same concentrations of the individual amino acids were used in dough com- * P -tenacity, L -extensibility, P/L -confi guration ratio, G -dough swelling, W -deformation energy position. However, where the infl uence of amino acid on the rheological properties of dough samples was not evident at low concentrations, a higher concentration was applied. The addition of L-cysteine hydrochloride monohydrate into wheat fl our dough causes a decrease in its tenacity and extensibility compared to control dough (Table I ). The higher the concentration, the larger the decrease of properties observed. However, Table II shows deterioration of dough stability and faster weakening indicated by D250 and D450 values. This eff ect is caused by the ability of cysteine to break disulphidic bonds and disturb the structure of gluten causing increased impalpability and stickiness of dough, which becomes less cohesive and worse in processing. Previous studies [Moss, 1974; Bloksma, 1990] showed reducing infl uence of cysteine on disulphidic bonds. L-cysteine hydrochloride monohydrate is a strong reducing agent and therefore only a small amount can be added to dough. It is suitable for modifi cation of strong fl ours. Other three amino acids investigated, i.e. inactivated dry yeast, L-tryptophan and L-threonine, exhibited much less oxidative activity. The strongest eff ect is observed for L-tryptophan where, within the concentration range of 0.1-0.14 wt.%, a higher increase in te na ci ty and a decrease in extensibility can be seen (Table I) . From the results summarised in Table II, one can notice higher stability of the dough with the addition of L-tryptophan and slower softening compared to the dough with the addition of inactivated dry yeast. Very interesting results can be seen in the modifi cation of dough with 0.014 wt.% of L-threo ni ne -greater strength but lower extensibility than the dough with L-tryptophan or inactivated dry yeast (Table I) . At the same time, its stability is higher than that of inactivated dry yeast but lower than that of L-tryptophan (Table II) . D250 and D450 stability values indicate the fastest so ening of dough with L-threo ni ne. Therefore L-tryptophan was found to be the strongest oxidative agent, followed by inactivated dry east and L-threonine. Faster so ening of dough with L-threonine can be eliminated by rapid pro ces sing and reduction of mixing and fermentation times.
I: Alveograph characteristics of investigated doughs
Concentration (10 -2 %) P (mm) L (mm) P/L G (
II: Consistograph characteristics of investigated doughs
The last amino acid investigated (L-tyrosine) exhibits a weak oxidative eff ect on gluten structure. L-ty ro si ne is able to reinforce the gluten network and the dough becomes cohesive and more elastic. Similar information about ability of L-tyrosine to create and strengthen gluten bonds was mentioned by authors [Brady et al., 1996; Peña et al., 2006] .
All oxidative agents were found to be suitable additives for wheat fl ours. Thanks to their ability to crea te gluten bonds, the doughs have greater strength and elasticity. Stronger oxidative additives cause a stronger dough structure and improved cohesion.
2: Alveograph curves for the control dough (a) and dough with the highest used concentration of particular additives L-cysteine hydrochloride monohydrate (b), inactivated dry yeast (c), L-tryptophan (d), Lthreonine (e) and L-tyrosine (f).
3: Consistograph curves for the control dough (a) and dough with the highest used concentration of particular additives L-cysteine hydrochloride monohydrate (b), inactivated dry yeast (c), L-tryptophan (d), L-threonine (e) and L-tyrosine (f).
CONCLUSION
The results showed that from the fi ve amino acids investigated, only L-cysteine hydrochloride monohydrate is a reductant while the others are stronger or weaker oxidants. L-tryptophan was found to be the most suitable oxidising agent, followed by inactivated dry yeast and L-threonine. However, in order to eliminate fast so ening of the dough with L-threoni ne, shorter processing time, i.e. reduced mixing and fermentation time, should be used. L-tyrosine can be used as an oxidising additive as well, but its instability in dough prevents serious practical application. Oxidants are able to strengthen the gluten network and thus increase the elasticity of dough, as a result of which bakery products have an increased volume and better porosity.
